Twelve of the proteins from the 30S ribosome of Bacillus stearothermophilus were isolated by preparative disc electrophoresis. Amino acid analyses of these proteins showed them to be different from each other. The gross amino acid composition of 30S ribosomal protein from B. stearothermophilus and Escherichia coli are virtually identical. A number of the proteins of B. stearothermophilus had electrophoretic mobilities similar or identical to 30S ribosomal proteins of E. coli. However, there was little similarity between the two organisms in amino acid composition of individual proteins. There were no unusual chemical features of the B. stearothermophilus proteins which could explain the relative thermal stability of this organism's ribosomes.
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The complexity of the protein moiety of ribosomes was first described by Waller and Harris (15) in 1961. It was recently shown in Escherichia coli that the 30S ribosome alone contains approximately 20 different polypeptides (4, 8, 14) . This finding was also extended to yeast ribosomal protein (12) . In this report we describe the isolation and amino acid composition of proteins from the 305 ribosome of Bacillus stearothermophilus. This investigation was prompted by several findings made in this and other laboratories. (i) The ribosomes of B. stearothermophilus exhibit a thermal stability in excess of that of the ribosomal ribonucleic acid (rRNA; reference 10). This is in contrast to the stability of E. coli ribosomes and rRNA, both of which have similar "melting" profiles (10) . (ii) The amino acid composition of total ribosomal protein is virtually indistinguishable between E. coli and B. stearothermophilus (11) . Furthermore, the electrophoretic band patterns of ribosomal proteins from E. coli and B. stearothermophilus are quite similar. These results suggest considerable stability in the evolution of ribosomal proteins. (iii) Ribosomal proteins of B. stearothermophilus will interact with the rRNA from E. coli in vitro to form functional ribosomes (9) .
Our aim in this study is to determine the number of proteins associated with the 30S ribosome of B. sterothermophilus, and to investigate possible chemical identity of those components which are electrophoretically similar to proteins of E.
coli.
MATERIALS AND METHODS
Bacteria and culture conditions. Strain 10 of B.
stearothermophilus was used throughout. The cells were cultured in a 150-liter fermentor in a medium composed of the following (in g/liter): Trypticase, 20.0; yeast extract, 3.0; NaCl, 8.5; CaC12-2H20, 1.47; salts stock, 1.0 ml, and 1 N NaOH to give a final pH of 7.3 to 7.4. The stock salts solution contained (in 400 ml): FeCI3*6H20, 4 .664 g; MnCI2 4H20, 0.628 g; MgSO4.7H20, 6 .00 g. The cells were harvested at the end of exponential growth and stored frozen. E. coli strain D-10 (6) was grown as described previously (3) in a medium consisting of 1% Tryptone and 0.5% yeast extract.
Isolation of ribosomes and ribosomal proteins. Ribosomes from both species of bacteria were isolated from crude extracts by ammonium sulfate precipitation and differential centrifugation (3 (3) . The proteins recovered from gels are grossly contaminated with nonpolymerized acrylamide, urea, and buffer components. These contaminants were removed in the following way. The solution of protein was diluted until it had a conductivity of no more than 1.5 milliohm-1 when measured with a Radiometer conductivity meter. The solution was then passed over a column of carboxymethylcellulose (CMC). The CMC had been previously charged and equilibrated with 0.05 M sodium acetate buffer, pH 5.0, and then was washed extensively with water. The protein was adsorbed onto the exchanger and most contaminating material passed through in the void fraction. The column was then washed with 100 ml of water and 50 ml of 0.05 M sodium acetate, pH 5.0. The protein was then desorbed with 1 M propionic acid.
All preparations were analyzed for purity by electrophoresis on standard analytical disc gels [7.5% acrylamide; 0.2% methylene-bis-acrylamide (3)]. Each component was also examined for homogeneity by electrophoresis on gels of smaller pore size (7.5% acrylamide; 0.8% methylene-bis-acrylamide). All electrophoretic analyses were performed at pH 4.3 in
Amino acid analysis. Amino acid analyses were performed on a Beckman Spinco model 120 analyzer after hydrolysis in 6 N HCI at 110 C. Methionine was determined by the sum of methionine and methionine sulfoxide; tryptophan and cysteine were not determined in routine analyses. Where values for cysteine are given, they were determined from the amount of cysteic acid recovered after performic acid oxidation and subsequent hydrolysis. Amino acid values for individual proteins of E. coli were taken from the work of Fogel and Syphered (4).
RESULTS
Electrophoretic separation of individual ribosomal proteins. Figure 1 shows the distribution of electrophoretic components from 30S ribosomes of B. stearothermophilus compared with those of E. coli. Each component from the B. stearothermophilus was isolated by preparative disc electrophoresis. Our previous work with E. coli showed that several of the electrophoretic bands were composed of more than one protein (3, 4) and that these could be separated by reelectrophoresis in gels of smaller porosity. The isolated bacillus proteins were analyzed in a similar manner. Each band shown in Fig. 1 was subjected to electrophoresis in gels consisting of 7.5% acrylamide-0.8% methylene-bis-acrylamide (high bis gels). Bands 4, 5, and 8 are composed of at least two proteins (Fig. 2) . This can be compared with the heterogeneity of bands 3, 4, and 8 of E. coli (the numbers being analogous to those of B. stearothermophilus in terms of electrophoretic mobility).
Amino acid composition of purified components. (4, 8, 14) .
Comparison of B. stearothermophilus and E. coli ribosomal proteins. Amino acid analyses of the total 30S protein of E. coli and B. stearothermophilus showed little difference between the two in gross composition (Table 2 ). This was in agreement with previous reports on the protein of 70S ribosomes (11) . Contrary to our expectations and in view of the increased thermal stability of B. stearothermophilus ribosomes, the bacillus proteins have fewer cysteine residues than those of E. coli.
The electrophoretic profiles from E. coli and the bacillus (Fig. 1) show several components with similar or identical mobilities. These are: bands 2, 3, 4, 5, 8, 10, and 11 of both species. An analysis of the amino acid data for these apparently similar proteins reveals that only two have even similar compositions in both species. These proteins are bands 2 and 10 from E. coli and B. stearothermophilus. We superimposed the amino acid profile from these two pairs of proteins, and the general lack of correspondence was readily seen (Fig. 3) . Amino acid data for E. coli proteins were taken from our earlier work (4) . Al- though the data are not presented here, comparisons of the other proteins between the two species showed little similarity in overall amino acid composition. 
DISCUSSION
The growth temperature of several microorganisms has been related with the thermal stability of a number of enzymes and structural proteins (1, 5, 7) . The ribosomes of B. stearothermophilus are more heat-stable than the ribosomes of E. coli, although there is no appreciable difference in the guanylic acid-cytidylic acid content of their rRNA (10) or in their structure as revealed by electron microscopy (2) . In an attempt to define the molecular parameters of this increased thermal stability of B. stearothermophilus ribosomes, we separated and analyzed the individual protein components from the 30S ribosome. The studies reported here failed to show any unusual chemical difference between the thermophile and E. coli ribosomes. Unfortunately, then, the mechanism for thermal stability of B. stearothermophilus ribosomes has not been resolved in the present study. It appears that the stability is not due to the nucleic acid, since its thermal transition temperature is the same as that for E. coli rRNA (10) . In addition, polyamine content of the ribosomes apparently does not play a role in the heat stability (13) . At present we favor the idea that it is the interaction per se between nucleic acid and protein which increases the amount of thermal energy required to disrupt the ribosomes. It is possible that the ribosomal proteins increase the amount of base stacking in the RNA by restricting certain metastable conformations which the RNA could otherwise take. It is aso possible that the interaction of large hydrophobic regions between the protein and RNA gives added stability to the particles.
The present studies confirm the conclusion rendered in previous work, that the ribosomal proteins are heterogeneous and numerous. Our studies with E. coli show that there are at least 16 proteins in the 30S particles of that organism (4). We find the same minimal number of proteins for B. stearothermophilus 30S ribosomes.
The general similarity between protein band patterns of B. stearothermophilus and E. coli (Fig. 1 ) may lead one to infer similarity in structure of the respective proteins. However, we find very little similarity in the amino acid compositions of proteins with the same electrophoretic mobility from both organisms. Only detailed peptide studies will show whether there exists any appreciable similarity in the primary structure of similarly migrating proteins in the two species.
